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$A$ ( $d$ $W$ $W/d$)
$O$ $x$ $z$ ( 1).
$T_{0}+\delta T/2$ , $T_{0}-\delta T/2$
$u=(u, w)$ , $p$ , $C$
$\nabla\cdot u = 0$ , (1)
$\frac{\partial u}{\partial t}+(u\cdot\nabla)u=-\frac{1}{\rho_{0}}\nabla p+\nu\Delta u + \{\beta_{T}(T-T_{0})-\beta_{C}(C-C_{0})\}ge_{z}$, (2)
$\frac{\partial T}{\partial t}+(u\cdot\nabla)T = \kappa\Delta T$ , (3)
$\frac{\partial C}{\partial t}+(u\cdot\nabla)C = \gamma_{2}\triangle T+D\Delta C$, (4)
$\nabla=(\frac{\partial}{\partial x}, \frac{\partial}{\partial z}) , \Delta=\frac{\partial^{2}}{\partial x^{2}}+\frac{\partial^{2}}{\partial z^{2}}$ (5)
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( ) $O$
$\rho_{0}$ , $C_{0}$ $g$ $\nu$ $\kappa$






$u=0, T=T_{0} \mp\frac{\delta T}{2}, \gamma_{2}\frac{\theta T}{\partial z}+D\frac{\partial C}{\partial z}=0 (z=\pm\frac{d}{2})$ (6)
$u=0, \frac{\partial T}{\partial x}=0, \gamma_{2}\frac{\partial T}{\partial x}+D\frac{\partial C}{\partial x}=0 (x=\pm\frac{W}{2})$ (7)
$\delta T$
$u=0, p=- \frac{1}{2}\rho_{0}g\delta T\frac{z^{2}}{d^{2}}\{\beta_{T}-\beta_{C}\frac{\gamma_{2}}{D}\}-\rho_{0}gz+p_{0},$
$T=T_{0}- \delta T\frac{z}{d}, C=C_{0}+\frac{\gamma_{2}}{D}\delta T\frac{z}{d}$ (8)
$d$, $\kappa/d$, $d^{2}/\kappa$ , $\delta T$ , $\gamma_{2}\delta T/D$
:
$x^{*}= \frac{1}{d}x, t^{*}=\frac{\kappa}{d^{2}}t, u^{*}=\frac{d}{\kappa}u, p^{*}=\frac{d^{2}}{\rho\kappa^{2}}(p-p_{0})$ ,
$\theta^{*}-z^{*}=\frac{1}{\delta T}(T-T_{0}) , \eta^{*}+z^{*}=\frac{D}{\gamma_{2}\delta T}(C-C_{0}) , \nabla^{*}=d\nabla, \Delta^{*}=d^{2}\Delta$ . (9)
(1) $-(4)$
$\nabla\cdot u=0$ , (10)
$\frac{\partial u}{\partial t}+(u\cdot\nabla)u=-\nabla p-PrRa(\theta-S\eta)e_{z}+Pr\Delta u$, (11)
$\frac{\partial\theta}{\partial t}+(u\cdot\nabla)\theta=\Delta\theta+w$ , (12)
$\frac{\partial\eta}{\partial t}+(u\cdot\nabla)\eta=$ Le$\Delta\theta+$ Le$\Delta\eta-w$ (13)
$*$ Ra (Rayieligh) $Pr$
(Prandtl) Le (Lewis) $S$ (Separation ratio)
$Pr=\frac{\nu}{\kappa}$ , Ra $= \frac{\beta_{T}\delta Td^{3}g}{\kappa\nu}$ , Le $= \frac{D}{\kappa},$ $S=\frac{\gamma_{2}\beta_{C}}{D\beta_{T}}$ (14)
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$\frac{\partial\Delta\psi}{\partial t}+\frac{\partial(\psi,\Delta\psi)}{\partial(x,z)} = RaPr\{(1+S)\frac{\partial\theta}{\partial x}-S\frac{\partial f}{\partial x}\}+Pr\Delta^{2}\psi$, (15)
$\frac{\partial\theta}{\partial t}+\frac{\partial(\psi,\theta)}{\partial(x,z)} = \frac{\partial\psi}{\partial x}+\Delta\theta$, (16)
$\frac{\partial f}{\partial t}+\frac{\partial(\psi,f)}{\partial(x,z)}$ $=$ $\Delta\theta+$ Le$\Delta f$ (17)
$\psi,$ $\theta$ $f$
$\psi=\frac{\partial\psi}{\partial z}=\theta=\frac{\partial f}{\partial z}=0 (z=\pm\frac{1}{2})$ , (18)
$\psi=\frac{\partial\psi}{\partial x}=\frac{\partial\theta}{\partial x}=\frac{\partial f}{\partial x}=0 (x=\pm\frac{A}{2})$ (19)
2.1
(15)$-(17)$
$\psi,$ $\theta,$ $f$ $\psi=\tilde{\psi}e^{\lambda t},$ $\theta=\tilde{\theta}e^{\lambda t},$
$f=\tilde{f}e^{\lambda t}$
$\lambda\triangle\tilde{\psi}$
$=$ RaPr(l $+S$) $\frac{\partial\tilde{\theta}}{\partial x}-RaPrS\frac{\partial\tilde{f}}{\partial x}+Pr\triangle^{2}\tilde{\psi}$, (20)
$\lambda\tilde{\theta}= \frac{\partial\tilde{\psi}}{\partial x}+\Delta\tilde{\theta}$, (21)
$\lambda\eta$ $=$
$\Delta\tilde{\theta}+$ $Le$ $\Delta\tilde{f}$ (22)
(20)-(22) (18) (19)
$Ra_{c}$ $\omega_{c}=\lambda_{i}$ , $(\tilde{\psi},\tilde{\theta},\tilde{f})$
$\tilde{\psi}$, $\tilde{\theta}$ $\tilde{f}$
$\tilde{\psi} = \sum_{m=0}^{\overline{m}}\sum_{n=0}^{\overline{n}}a_{mn}F_{m}(2x)F_{n}(2z)$ , (23)
$\tilde{\theta}= \sum_{m=0}^{\overline{m}}\sum_{n=0}^{\overline{n}}b_{mn}H_{m+1}(2x)G_{n}(2z)$ , (24)
$\tilde{f}= \sum_{m=0}^{\overline{m}}\sum_{n=0}^{\overline{n}}c_{mn}H_{rn+1}(2x)H_{n}(2z)$ (25)
$\overline{m}$ $\overline{n}$ $x$ $z$
$F_{k}(\xi),$ $G_{k}(\xi),$ $H_{k}(\xi)$ $\xi=[-1,1]$
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$F_{k}(p)=(1-p^{2})^{2}T_{k}(p) , G_{k}(p)=(1-p^{2})T_{k}(p) , H_{k}(p)= \int^{p}(1-q^{2})T_{k}(q)dq$ (26)
$T_{k}(p)$ $k$
(15)-(17) (23)-(25) $F_{p}(x)F_{q}(z),$ $H_{p}(x)H_{q}(z)$ ,
$H_{p}(x)G_{q}(z)(p=0,1, \cdots,\overline{m},q=0,1, \cdots,\overline{n})$ $x=[-1,1],$ $z=[-1,1]$
( )
$\lambda Pa=Qa$ (27)
a $a_{mn},$ $b_{mn},$ $c_{mn}$
$a=(a_{00}, a_{01}, \cdots,a_{0\overline{m}}, a_{10}, a_{11}, \cdots, a_{\overline{mn}}, b_{00}, b_{01}, \cdots, b_{0\overline{m}}, b_{10}, b_{11}, \cdots, b_{\overline{mn}},$
$c00, c_{01}, \cdots, c_{0\overline{m}},c_{10}, c_{11}, \cdots, \ovalbox{\tt\small REJECT}_{n})$ (28)




















$S$ , Ra (27) $\lambda$
28. $2^{o}C$ 2.8wt%
$Pr=7.00$ , Le $=0.0088,$ $S=-O.123$ [8, 23]

















2: ( $\lambda_{i}=0$ ). Le $=0.01,$ $S=-O.1,$ $Pr=7.$
2 1( )
3 ( 3 ) $A=2$ 2




3: $R_{A}$ ( ) $\omega_{c}$ ( ) Le $=0.01,$ $Pr=7,$
$A=1.$
2 $S$ Le $=0.01$
$R$ $\omega_{c}$ $S=[-O.1,0.1]$ 3
$R_{k}$ $\omega_{c}$ $S$
$-0.1$ $0$ $R_{A}$ $R_{A}=2585$
$\omega_{c}$
$\sqrt{-S}$ $0$ $S$ $0$
$0$ $R*$ $0$ $S>0$
(a) (b) (c)
$x x x$(d) (e) (f)
$x x x$4: $(\psi$ $)$ . $(\theta$$)$ . $(\eta\gamma$ . Le $=0.01,$ $S=-0.1,$ $Pr=7.$ $A=1.$
$R*=3014$. (a), (d) ($\tilde{\psi}$ ). (b), (e) $(\tilde{\theta} : \tilde{\theta}>0, : \tilde{\theta}<0)$.
(c), (f) $(\tilde{\eta} : \tilde{\eta}>0, : \tilde{\eta}<0)$. $(a)-(c)$ (d)-(
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$A=1$ 1
















$N_{B}=N_{BT}+N_{BC},$ $N_{BT}= RaPr\iint_{S}x\tilde{\theta}dxdz,$ $N_{BC}=-$Ra Pr $S\iint_{S}x\tilde{\eta}dxdz$ (32)
$\tilde{\eta}=\tilde{f}-\tilde{\theta}$ 2 $S$
$(x, z)=[-1/2,1/2]\cross[-A/2, A/2]$ $N_{P}$
$\ovalbox{\tt\small REJECT}=\int_{-1/2}^{1/2}z\{\tilde{p}(\frac{A}{2}, z)-\tilde{p}(\begin{array}{ll}A -\overline{2}’ z\end{array}) \}dz-\int_{-A/2^{X}}^{A/2}\{\tilde{p}(x, \frac{1}{2})-\tilde{p}(x, -\frac{1}{2})\}dx$. (33)
7 (11)
$N_{V} = Pr\int_{-1/2}^{1/2}\{[x\frac{\partial^{2}\tilde{\psi}}{\partial x^{2}}(x, z)]_{x=A/2}-[x\frac{\partial^{2}\tilde{\psi}}{\partial x^{2}}(x, z)]_{x=-A/2}\}dz$





5: $N$ $N_{B},$ $N_{P},$ $N_{V}$ . $N_{a}$ $N_{B},$ $N_{P}$ $N_{V}$
: $N$ , : $N_{B}$ , : $N_{P}$ ,
: $N_{V}.$ $S=0,$ $Pr=7,$ $A=1.$
$R_{k}=2585$ $N$ $N_{B},$ $N_{P},$ $N_{V}$
5 $N$ $N_{B},$ $N_{P}$ $N_{V}$
$N$ , $N_{B}$ ,
$N_{V}$ $N$
$R*=2585$ $0$ Ra $>R$
$\sigma$
Ra
6: 2 ( 1 2 $\lambda=\sigma+i\omega$). Le $=0.01,$ $S=-O.1,$
$Pr=7,$ $A=1.$
2 $A=1,$ $S=-O.1$ , Le $=0.01$
2 1 2
$\sigma(=\lambda_{r})$ $\omega(=\lambda_{i})$ Ra $<8000$ 6
1 2 $1348\leq R_{A}\leq 5977$
Ra $<3014$
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7: $w_{1}=w(1/4,0)$ , $N$ $N_{B},$ $N_{BT},$ $N_{BC},$ $N_{P},$ $N_{V}$
$N_{a}$ $N_{B},$ $N_{BT},$ $N_{BC},$ $Np$ $Nv$ Ra $=3014,$ $T=0.869$ , Le $=0.01,$
$S=-0.1,$ $Pr=7,$ $A=1.$
$A=1,$ $S=-O.1$ , Le $=0.01$ $Ra_{c}=3014$
$\omega=7.31$ , $T=0.860$ 7(a) 1
$w_{1}=w(1/4,0)$ $t=0$ $w_{1}=1$
7(b) $N$ $w_{1}$ $\pi/2$
7(c)
$N_{B}$ , $N_{BT}$ ,










8: $N$ $N_{B},$ $N_{BT},$ $N_{BC},$ $N_{P},$ $N_{V}$ $N_{a}$
$N_{B}$ , NBT, $N_{BC},$ $Np$ $Nv$ Le $=0.01,$ $S=-0.1,$ $Pr=7,$
$A=1$ . (a) (b)
6 Ra $<1348$ Ra $>5977$ 1
2
$1348\leq$ Ra $\leq 5977$ 2
Ra NBT
NBC




$I= \iint_{S}(x^{2}+z^{2})dxdz=\frac{1}{12}, M=\iint_{S}(x\tilde{w}-z\tilde{u})dxdz$ (35)







(37) $P\equiv M^{2}/2$ $P$








$M=\overline{M}\exp(i\omega t+\sigma t)+\overline{M}^{*}\exp(-i\omega t+\sigma t)$ $N=\tilde{N}\exp(i\omega t+\sigma t)+$
$\tilde{N}^{*}\exp(-i\omega t+\sigma t)$ (38)
$\overline{P}=\overline{M}\overline{M}^{*}e^{2\sigma t}+O(\sigma) , \overline{Q}=\overline{M}\tilde{N}^{*}e^{2\sigma t}+O(\sigma)$ (39)
$\sigma$ $1/T$
$\overline{M}\tilde{N}^{*}=\overline{Q}e^{-2\sigma t}$ Le $=0.01,$ $S=-0.1,$ $Pr=7,$ $A=1$
$1400\leq$ Ra $\leq 5900$ 9 $\tilde{M}\tilde{N}^{*}$
Ra $\leq 5900$
$Q\equiv MN$
(S. Chandrasekhar) $|$ (Hydrodynamic and
Hydromagnetic stability[24] $)$ lnstability occurs at the minimum temperature gradient at which
a balance can be steadily maintained between the kinetic energy dissipated by viscosity and the internal
energy released by the buoyancyforce
Ra
9: $N*$ $\tilde{N}_{a}^{*}$ $Ra_{c}=$
3014. ﬄ : $M$
–
$N\sim*$ ( ). $M\sim N\sim$a
$*$ ( ) $\overline{M}\tilde{N}_{B}^{*},\overline{M}\tilde{N}_{BT}^{*},\overline{M}\tilde{N}_{BC}^{*},\overline{M}\tilde{N}_{P}^{*}$ $M_{\tilde{N}_{V}^{*}}$












10: $w_{1}=w(1/2,0)$ $a_{1}=dw_{1}/dt$ (a) $w_{1}.$ $(b)(w_{1}, a_{1})$





11: $(\psi)$ , $(\theta)$ $(\eta)$ Ra $=3300,$
Le $=0.01,$ $S=-O.1,$ $Pr=7,$ $A=1.$ $(a)$ ($\psi$ ) ( ). (b)




Le $=0.01,$ $Pr=7,$ $A=1$ 12










12: Ra $=2585$ $S=0$ Ra $=3014$
$S=-O.1$ Le $=0.01,$ $S=0,$ $-0.1,$ $-0.2,$ $Pr=7,$ $A=1.$
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